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Abstract
Water extracts from pawpaw seed have been reported to reversibly decrease the testicular weight and to suppress
spermatogenesis, and fertility of Wistar rats. The reversible changes become evident, 30 – 45 days after the withdrawal of the
extract. The possible effect of this extract on the activities of steroidogenic enzymes of the testis has not been investigated. Water
extract of papaya seeds was administered to male Sprague Dawley rats ad libitum for 84 days. Following the discontinuation of
the extracts, ten rats each were sacrificed on days 0, 10, 20 and 30 after the withdrawal. Their testes were quickly dissected out
and frozen. Cryostat sections, 10m thick were cut. These sections were used for immunohistochemical stains for side chain
cleavage enzyme and aromatase, and for histochemical stains for 17- Hydroxysteroid dehydrogenase, 3- Hydroxysteroid
dehydrogenase. We conclude that the water extract of papaya seed suppresses the activities of steroidogenic enzymes in the testis
of Sprague Dawley rats, and that this may contribute to reversible suppression of spermatogenesis, a property that gives a
possible male contraceptive potential.
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Introduction
Cholesterol side-chain cleavage enzyme (P450scc, CYP11A), catalyzes the first and rate-limiting enzymatic step in the
biosynthesis of all steroid hormones. The reaction requires three molecules of oxygen, three molecules of NADPH, and the
mitochondrial electron transfer system (Payne and Hales, 2004). It catalyzes three sequential oxidation reactions of cholesterol
with each reaction requiring one molecule of oxygen and one molecule of NADPH. The first reaction is the hydroxylation at C22
followed by hydroxylation at C20 to yield 20,22R-hydroxy-cholesterol that is cleaved between C22 and C20 to yield the C21
steroid pregnenolone and isocaproaldehyde. Isocaproaldehyde is then oxidized to isocaprioic acid (Boyd and Simpson, 1968,
Burnstein and Gut, 1976). The electrons required for the reaction are transferred from NADPH to ferrodoxin and finally to
P450scc (Simpson, 1979).
In the adrenal cortex, P450scc is expressed in all three zones, the zona glomerulosa, the zona fasciculata and the zona
reticularis (Pelletier et al., 2001; Payne and Youngblood, 1995). The only site of expression in the testis is the Leydig cell
(Payne and Youngblood, 1995).
In the primate placenta, the syncytiotrophoblast is the site of expression of P450scc (Strauss et al 1996) whereas, in
rodent placentas, P450scc is expressed in giant trophoblast cells during midpregnancy (Arensburg et al., 1999; Ben-Zimra et al.,
2002).
Aromatase (CYP19, P450arom, cytochrome P450arom, estrogen synthase), catalyzes the conversion of the C19
androgens, androstenedione and testosterone to the C18 estrogens, estrone and estradiol, respectively (Payne and Hales, 2004).
The reaction involves the microsomal electron transfer system cytochrome P450 reductase and three molecules each of oxygen
and NADPH (Graham-Lorence et al., 1991; Simpson et al., 1994).
The testicular expression of aromatase has been demonstrated by measuring the secretion of estradiol by human,
simian, canine, and rat testis (Kelch et al., 1972; de Jong et al., 1973). Studies on separated seminiferous tubules and intact
testicular tissue from human testes indicated that the major site of aromatization in human testes is in the interstitial tissue (Payne
et al., 1976). Immunohistochemical studies in human testes showed that aromatase was detected in Leydig cells and absent in
Sertoli cells in normal adult testes (Brodie and Inkster, 1993).
Studies investigating the testicular site of aromatization of testosterone to estradiol using rat testes or isolated testicular
cells demonstrated that P450arom was expressed in Leydig cells from 25-day-old and 60 to 70-day old rats. Mammalian testis
expresses aromatase activity, and produces significant amount of estradiol (Bourguiba et al., 2003). Aromatase, which converts
testosterone to estradiol, could be involved in the acquisition of sperm motility, and men with congenital aromatase deficiency
are sterile, suggesting that estrogens play a physiological role in the regulation of spermatogenesis in mammals (Carreau et al.,
2003). Human ejaculated spermatozoa contain active P450 aromatase (Aquila et al., 2002).
Studies examining Sertoli cells from immature rat testes maintained in culture provided evidence for aromatase activity
with the highest expression in Sertoli cells from 5-day-old rats with decreasing expression in age becoming essentially
undetectable in rats aged 30 days and older (Dorrington and Khan, 1993). Taken together, the above-mentioned studies indicate
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there is a shift in the site of testicular somatic cell expression of CYP19 from Sertoli cells in neonatal rats to the Leydig cells of
pubertal and mature rats (Kamat et al., 2002)).
The role of aromatase in male fertility has been getting more attention. It has been reported that treatment with
aromatase inhibitor increased serum testosterone/estradiol ratio and increased serum testosterone levels and therefore is
recommended for infertile patients with high estrogen levels (Ito et al., 1991; Shetty et al., 1997)
The hydroxysteroid dehydrogenases, which include 3β-hydroxysteroid dehydrogenase (3β-HSD) and 17β 
hydroxysteroid dehydrogenases (17β-HSD), belong to the same phylogenetic protein family, as alcohol dehydrogenase /reductase 
family (Penning, 1997).
One of the major differences between the P450 enzymes and the hydroxysteroid dehydrogenases is that each of the
P450 enzymes is a product of a single gene whereas there are several isoforms for the 3βHSDs and several isozmyes of the 
17βHSDs, each being a product of a single gene (Payne and Hales, 2004).  The number of isoforms of isozymes varies in 
different species, in tissue distribution, and catalytic activity. Some function predominantly as dehydrogenases or reductases.
Substrate and cofactor specificity, and sub cellular localization are characteristic of these isoezymes (Payne and Hales, 2004).
3β-hydroxysteroid dehydrogenase/isomerase (3β-HSD, 3β-hydroxysteroid dehydrogenase/Δ5-Δ4 isomerase, 3β-
hydroxy-Δ5-steroid dehydrogenase, 3β-hydroxy-5-ene steroid dehydrogenase.) enzymatic action is essential for the production of 
all active steroid hormones.  Active steroid hormones are Δ4-3-keto steroids, progesterone, testosterone, cortisol or aldosterone, 
or are derived from a Δ5-3 keto steroid (Payne and Hales, 2004).
 Human 3β-HSD I and II and mouse 3β-HSD I and IV are the sole isoforms involved in the biosynthesis of all active 
steroid hormones (Ross et al., 2003).  They catalyze the conversion of the Δ5-3β-hydroxysteroids, pregnenolone, 17α-hydroxy 
pregnenolone, and dehydroepiandrosterone (DHEA), to the Δ4-3-ketosteroids, progesterone, 17α-hydroxyprogesterone, and 
androstenedione respectively (Thomas et al., 1989; Thomas et al., 1995; Thomas et al., 2003).
 The isoforms of 3β-HSD are expressed in a cell and tissue-specific manner.  It has been demonstrated that human 3β-
HSD I is expressed in the placenta, skin, and breast tissue whereas 3β-HSD II is expressed in the adrenal gland, ovary and testis 
(Rheaume et al., 1991; Simard et al., 1996).  Mouse 3β-HSD I is expressed in the testis, ovary and adrenal gland and 3β-HSD IV 
is observed in the placenta, skin and testis (Abbaszade et al., 1997).
In situ hybridization in mouse testicular sections demonstrated the exclusive expression of 3β-HSD in the Leydig cells of the 
testis (Baker et al.,1999; Peng et al., 2002).  As demonstrated in the mouse testis, 3β-HSD was exclusively detected in the Leydig 
cell.  Studies have demonstrated that immunostaining for 3β-HSD was found exclusively in the mitochondria of the Leydig cell 
(Pelletier et al., 2001).
 17β-hydroxysteroid dehydrogenase (17β-HSDs) plays essential roles in steroidogenesis.  These enzymes catalyze the 
final step in the biosynthesis of active gonadal steroid hormones, estradiol and testosterone, and unlike other steroidogenic
enzymes, 17β-HSD is not involved in the biosynthesis of adrenal steroids (Payne and Hales, 2004). 
 The 17β-HSDs convert inactive 17-ketosteroids into their active 17β-hydroxy form.  The 17β-HSDs are found as either 
membrane-bound or soluble enzymes (Payne and Hales, 2004).  Eleven different 17β-HSDs have been identified.   
The 17β-HSDs differ in tissue distribution, catalytic preferences, substrate specificity, subcellular localization, and 
mechanisms of regulation.  Among the many different forms of 17β-HSDs, three forms participate in the final step of 
biosynthesis of active steroid hormones in gonads, types I; III, and VII (Payne and Hales, 2004).
17β-HSDI was the first to be cloned and characterized.  It was first purified from human placenta (Payne and Hales, 
2004) and was subsequently found to be expressed in the ovary and mammary gland (Luu-The, 2001).  Human 17β-HSD I has 
substrate specificity for estrogens whereas the rodent enzyme can utilize both estrogens and androgens (Penning, 1997; Peltketo
et al., 1999).  Whereas human 17β-HSD I predominantly catalyzes the conversion of estrone to estradiol, mouse and rat 17β-HSD 
I also efficiently convert androstenedione to testosterone (Puranen et al 1997). The expression of 17β-HSD I exhibits species-
specific differences which may be due to different mechanisms; that control cell-and tissue-specific regulation. In the ovary,
17β-HSD I is primarily induced by Follicle Stimulating Hormone (FSH) acting via the cAMP-dependent protein kinase (PKA) 
pathway (Peltoketo et al., 1999).
17β-HSD III converts androstenedione, a weak androgen, to testosterone, a potent one.  17β-HSD III prefers NADPH 
as a cofactor and its primary activity is reductive. It is exclusively expressed in the testes (Geissler et al., 1995; Andersson,
1995a,1995b). Its expression is restricted to the adult Leydig cell population and this serves a specific marker for Leydig cell
development (O’Shaughnessy et al., 2000).
The major biochemical pathways of steroid hormone synthesis in the gonads are illustrated in the diagram below. Both
genders use the same pathway of steroid hormone biosynthesis in gonadal tissue.
In the male, cholesterol is absolutely necessary for androgen biosynthesis. It can either be synthesized within the cell
from acetate or it can be taken up in association with high-density lipoproteins (HDL) via HDL receptors in the cell surface
membrane (Brown and Goldstein, 1998). When androgen biosynthesis is not taking place, cholesterol is esterified and stored in
microscopic lipid droplets (Morris, 1996). During androgen biosynthesis, leutinizing hormone (LH) stimulates the hydrolysis of
esterified cholesterol to produce free cholesterol, which is then transported to the mitochondria via sterol carrier-protein (SCP-2)
[Stocco and Clarke, 19994] and steroidogenic acute regulatory protein (STAR) (Clark et al., 1994).
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Androgen synthesis begins when cholesterol is carried to the inner mitochondrial membrane within the Leydig cells by
SCP-2 and STAR where cholesterol side chain cleavage (P450scc) is located (Morris, 1996). The delivery of cholesterol to the
inner mitochondrial membrane is believed to be the rate-limiting step in steroidogenesis, unless cholesterol is in excess; in that
case, the conversion of cholesterol to pregnenolone becomes the limiting step (Stocco and Clarke, 1994).
The Δ4 steroidogenic pathway (pregnenolone-progesterone-androstenedione-testosterone) is the major route of
androgen syntheis in the rat testis (Stocco and Clarke, 19994). Pregnenolone can also be converted to dehydroepiandrosterone
(DHEA) by P45c17.  The reaction sequence (pregnenolone-DHEA-androstenedione-testosterone) is the Δ5 pathway.  Both the Δ4
and Δ5 pathways of androgen synthesis operate in the human testis (Morris, 1996).
Carica papaya seed extract may selectively act on the developing germ cells, possibly through Sertoli cells, leading to
azoospermia, and the inhibitory effect of benzene chromatographic fraction of the chloroform extract could be due to its effect on
sperm motility (Lohiya et al., 2002; Manivannan et al., 2004). Sperm motility is inhibited by benzene chromatographic fraction
of the chloroform extract of Carica papaya seed in langur monkey (Lohiya, et al., 2008). The suppression of spermatogenesis by
water extract of papaya seed has been reported. It was suggested that this is possibly mediated through the loss of cell processes
by Sertoli cells (Uche-Nwachi et al., 2001).
The aim of this investigation is to determine the effects of water extracts of papaya seed on the steroidogenic enzymes
in the testis. This will enable us determine whether the reversible suppression of spermatogenesis reported by this extract is
mediated through these enzymes.
Material and Methods
Preparation of the water extract
Carica papaya seeds were obtained from locally purchased ripe fruits. The seeds were dried in the oven at 340C. The
dried seeds were ground into fine powder. One hundred grams of the ground powder was soaked in 250 ml of distilled water for
24 hrs at room temperature. The mixture was stirred vigorously before filtration. The filtrate was used for the experiment.
Animals
Fifty male Sprague Dawley rats, aged 3 months and above and weighing 250-350 grams were used for this
investigation. They were caged in groups of five rats. The rats were left in their cages for 24 hrs to acclimatize before the
experiment commenced. The rats in cages 1 and 2 were the control, while those in cages 3-12 were the experimental animals. All
the animals were given food ad libitum during the experiment. The care of the animals was strictly in accordance with the
guidelines of the Animal House Committee of the Faculty of Medical Sciences, University of the West Indies. Control rats were
given normal food and water ad libitum during the experiment. Rats in cages 3-12 were given the water extract of papaya seed in
place of water ad libitum for 84 days. At the end of the 84th day, the water extract was discontinued. Ten rats form the control
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and ten rats from each the experimental groups were sacrificed, following diethyl ether anesthesia. Another set of ten rats were
sacrificed on the 10th day following the discontinuation of the extract, while another set of ten rats were sacrificed of the 20th
day, and the last set of ten rats were sacrificed on the 30th day following the discontinuation of the extract. Their testes were
quickly dissected out and frozen. Cryostat sections 10m thick were cut from the rats testes (control and experimental groups),
for histochemical and immunohistochemical stains.
Histochemical Methods
3-Beta Hydroxysteroid Dehydrogenase (3-HSD)
The histochemistry of 3-HSD was carried out using the PVA method (Stoward Pearson (ed), 1980).
Preparation of Incubation Medium
A 22% PVA solution was prepared by adding 22g of PVA to 100 ml of 100mM phosphate buffer, (pH 7.4). To this
was added, dehydroepiandrosterone (dissolved in 5% dimethylformamide) and NAD. After the additions, the medium was
thoroughly mixed. Finally, for each ml of the medium, 4 mg of Nitro BT in a mixture of 20µl of N, N dimethylformamide and
20µl of absolute ethanol was added.
Staining Method:
Cryostat sections, 10µm thick were incubated in the complete reaction medium for 60 minutes at 37°C. Following this,
the slides were placed in Coplin jars with distilled water until the medium dissolved. The slides were left to air-dry and were
then mounted in Protex. The presence of 3-HSD was shown by the characteristic blue formazan at the reaction sites.
17 Beta Hydroxysteroid Dehydrogenase (17-HSD)
The histochemistry of 17-HSD was carried out using the PVA method (Stoward Pearson (ed), 1980).
Preparation of incubation medium
A 22% PVA solution was prepared by adding 22g of PVA to 100 ml of 100mM phosphate buffer, (pH 7.4).
Androstenedione was dissolved in 5% dimethylformamide) was added to 22% PVA and NAD. After the additions, the medium
was thoroughly mixed. Finally, for each ml of the medium, 4 mg of Nitro BT in a mixture of 20µl of N, N dimethylformamide
and 20µl of absolute ethanol was added.
Staining Method
Sections, 10µm thick were cut using the cryostat and were incubated in the complete reaction medium for 60 mins at
37°C. Following this, the slides were placed in Coplin jars with distilled water until the medium dissolved. The slides were left
to air-dry and were then mounted in Protex. The presence of 17-HSD was shown by the characteristic blue formazan at the
reaction sites.
Immunohistochemical Methods
Cytochrome P450 Side Chain Cleavage Enzyme (P450scc)
Cryostat frozen sections of the testis, 10m thick were pre-incubated in 5% non-fat milk in Phosphate Buffer Saline
(PBS) for 30 mins at room temperature. The sections were then incubated overnight in a humidified chamber with the primary
antibody rabbit P450scc at 25° C. They were then rinsed in Tris NaCl (pH 7.4) following which they were incubated with
secondary antibody, (goat biotinylated anti-rabbit antibody) diluted in Tris-NaCl buffer for one hour. After rinsing with
Tris/NaCl buffer (pH 7.4), Avidin Biotin Complex (ABC) was applied at a concentration of 10µl of Avidin (A) and 10µl of B (B)
per ml of Tris/NaCl for one hour. The sections were then rinsed in Tris/NaCl and placed in sodium acetate buffer 0.1M, pH 6.0
while the following staining solution was prepared: 1.5 grams Ammonium Nickel Sulphate was dissolved in 50 ml of sodium
acetate buffer 0.2M (pH 6.0). This was left to stir while the following were weighed out: i. 200mg Glucose, ii. 40mg Ammonium
chloride, iii. 1 mg ß Glucose Oxidase Diaminobenzidine (50mg) was then dissolved in 50 ml distilled water, poured into the
ammonium nickel sulphate solution and then the other salts were added in the above order in which they were measured. This
solution was stirred briefly and the slides were then incubated in it for 10 – 15 mins. The sections were then rinsed, dehydrated,
air-dried, mounted and coverslipped in Protex. The site of the cells (inner mitochondrial membrane of Leydig cells in the testis)
where P450scc is located stained purple.
Aromatase (P450arom)
The above-mentioned protocol was utilized to identify the presence of Aromatase. In this instance, the primary
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antibody utilized was rabbit polyclonal anti-aromatase while the secondary antibody was biotinylated anti-rabbit antibody. The
egions that were stained dark purple showed the presence of aromatase enzyme.
Quantification of the stains
The stains (histochemical and immunohistochemical) were quantified using the Image J program (Rashband, 2004).
(NIMH). Image J is a public domain image processing and analysis program for the Macintosh. It was developed at the Research
Services Branch of the National Institute of Mental Health (NIMH), part of the National Institutes of Health (Rasband, 2004;
Abramoff et al., 2004). The statistical analysis was done using One Way Anova (Minitab 15). Using the Image J software the
staining intensity of the different histochemical stains was computed. At 8 bits pixel, the grey images of the stains were
quantified. At a range of zero to 255 the histograms of the stains were plotted. Zero indicated maximum intensity while 255
indicated no stain. Ten mean values were recorded for each group and the mean staining intensities were calculated. A One-way
ANOVA statistical analysis was carried out to determine the statistical significance between the mean values of the control and
experimental groups. At a confidence interval (CI) of 95% a, p value of 0.05 was used to determine the statistical significance of
the experimental groups when compared with the control. A representative photomicrograph, their grey images and histograms
were recorded from each group.
.
Results
Result shows significant decrease in the mean reactivities of P450scc, 3-HSD, 17-HSD, and P450arom) after the
animals have been treated with the extract for 84 days {p<0.05}, (Table1-4). This decrease in the activities of these enzymes,
tend to stay at this level till the 30th day following the withdrawal of the extract (Tables 1-4).
4-MONTHS CONTROL
MICROGRAPH P450scc (CONTROL) 8 BITS PIXEL GREY IMAGE HISTOGRAM OF GREY IMAGE
MICROGRAPH P450scc 8 BITS PIXEL GREY IMAGE HISTOGRAM OF GREY IMAGE
(DAY ZERO AFTER TREATMENT)
Figure 1a: Representative Image J quantifications of micrographs of P450scc micrograph (control and day zero)
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Table 1: Mean pixel values for Side chain cleavage enzyme (P450scc)
Rat Control Treatment 10 days post
treatment
20 days post
treatment
30 days post
treatment
Mean 170.30±30 212.78±9.60 202±97±10.13 215.61±3.41 218.48±2.78
P<0.05
Table 2: Mean pixel values for Aromatase enzyme (P450arom)
Rat Control Treatment 10 days post
treatment
20 days post
treatment
30 days post
treatment
Mean 176.89±11.26 223.78±11.08 229.86±7.13 228.56±2.16 231.54±2.87
P<0.05
MALES
AROMATASE
2-MONTHS CONTROL
MICROGRAPH OF AROMATASE 8 BITS PIXEL GREY IMAGE HISTOGRAM OF GREY IMAGE
(CONTROL)
MICROGRAPH OF AROMATASE 8 BITS PIXEL GREY IMAGE HISTOGRAM OF GREY IMAGE
(DAY ZERO AFTER TREATMENT)
Figure 2a: Representative Image J quatifications of the micrographs from aromatase (control and day zero)
Table 3: Mean pixel values for 3 Beta Hydroxysteroid Dehydrogenase (3-HSD)
Rat Control Treatment 10 days post
treatment
20 days post
treatment
30 days post
treatment
Mean 183.43±15.05 235.03±1.56 235.55±1.46 235.04±2.07 234.48±0.97
P<0.05
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3-HSD MICROGRAPH (CONTROL) 8 BITS PIXEL GREY IMAGE HISTOGRAM OF GREY IMAGE
3-HSD MICROGRAPH
(DAY ZERO AFTER TREATMENT) 8 BITS PIXEL GREY IMAGE HISTOGRAM OF GREY IMAGE
Figure 3a: Representative Image J quantifications of 3-HSD stains (control and day zero).
Table 4: Mean pixel values for 17-Hydroxysteroid dehydrogenase enzyme (17-HSD)
Rat Control Treatment 10 days post
treatment
20 days post
treatment
30 days post
treatment
Mean 140.53±3.69 233.95±4.70 236.48±0.97 237.32±1.32 235.53±
P<0.05
Discussion
Various extracts of papaya seed have been reported to reversibly affect spermatozoa, ranging from impaired motility to
decreased count (Manivannan et al ., 2004; Lohiya et al., 2008; Uche-Nwachi et al., 2001). Spermatogenesis is dependent on
follicle stimulating hormone (FSH) from the pituitary and testosterone and estradiol form the testis. Any reversible suppression of
spermatogenesis will inevitably involve reversible suppression of the synthesis of testosterone and estradiol.
Gonadal steroidogenesis is dependent on important enzymes that take part in this synthesis. One of the most important
enzymes needed for steroidogenesis is cholesterol side chain cleavage enzyme (P450scc). This rate-determining enzyme in
steroidogenesis was found in this investigation to be significantly suppressed following the treatment with the water
extract for 84 days (<0.05). It was also shown that this suppression stayed at the post treatment level for about 30 days after the
withdrawal of the treatment ((Table 1; Figure 1a).
It was also found in this investigation that, the enzyme which switches steroidogenesis form the 5 to 4 pathway, 3-
HSD, and the enzyme which plays a final role in testosterone and estradiol synthesis were significantly suppressed following the
treatment with the water extract of papaya seed (Tables 2 and 3; Figures 2a; 3a). The 4 pathway, is the major pathway used by
males.
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17-HSD MICROGRAPH (CONTROL) 8 BITS PIXEL GREY IMAGE HISTOGRAM OF GREY IMAGE
17-HSD MICROGRAPH
(DAY ZERO AFTER TREATMENT) 8 BITS PIXEL GREY IMAGE HISTOGRAM OF GREY IMAGE
Figure 4a: Representative Image J quantifications of 17-HSD stains (control and day zero)
The principal enzyme needed for estradiol synthesis is aromatase, whose activity was found to be significantly
suppressed in this investigation, following treatment with the extract (Table 4). It was also found that the recovery rate of this
suppression was slow, as the activity did not change significantly from the post treatment level 30 days after withdrawal of the
extract. In this investigation we have demonstrated that the essential enzymes needed for testicular steroidogenesis were
significantly suppressed, following the administration of water extract of papaya seed extract.
We conclude that the reversible suppression of spermatogenesis following oral administration of the water extract of
carica papaya seed is mediated through the suppression of the enzymes essential for the synthesis of testosterone and estradiol,
which are required for the production of viable number of spermatozoa for needed male fertility. This makes this extract a
potential male contraceptive material.
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